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Abstract 
In general, turfgrass grows well and forms high quality turf under full sun exposure. It is very difficult, 
however, to grow a warm season turfgrass under shaded condition. Zoysia grass is a popular warm 
season grass that commonly grow under full sun exposure condition. There are limited information 
regarding the growth response and turf quality of zoysia grass when grown under shaded condition. This 
study aims to observe the growth and quality of various zoysia grass local cultivars at different shading 
intensities and different mowing. This research was carried out using 10 zoysia grass cultivars planted 
in the rice fields’ vertisol clay with randomized complete block design. The shading used were control, 
shade-nets with 25% and 65% hole densities. Zoysia grass was fertilized using NPK; 4:1:3 and mowed 
three times. The results showed that plants without shade, 25% and 65% received on average solar 
irradiance of 25,141; 12,456 and 3,727 lux. The increase in shade level decreased the shoot fresh weight, 
dry weight, root dry weight and the plant height. Shading and frequent mowing effected the plant height. 
Mowing has more effect on plant height in 25% shading than in 65% shading. The increase in shading, 
in mowed grass showed increased plant height and decreased plant dry weight. Mowing three times can 
reduce plant height in all shades. The grasses under 25% shading resulted the highest plant dry weight; 
whereas and shading 65% resulted the lowest. Plant dry weight and uniformity of turf were affected by 
the cultivars. 
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Turfgrass is important plant for human living 
since it serves as ornamental plant, it protects the 
soil surface from erosions and gives bedding 
function for playgrounds and sport activities. 
Turfgrass has high potentials to reduce runoff, 
increase infiltration, purify water from sediments 
and pollutants and to control erosion (Monteiro, 
2017). Sustainable agriculture can be achieved  
by recovering the natural vegetations since 
revegetation could increase aggregate stability 
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and decrease soil erodibility (An et al., 2013). 
Zoysia grass middle and coarse leaves were 
potential in improving soil aggregate stability 
(Rahayu et al., 2020). However, growing grasses 
on clay growing media is very difficult. Turfgrass 
decreases in shoot density and root dry weight and 
total root length when there is an increase in the 
compaction in the top 21 cm of clay layer 
(Lakshmipathy et al., 2018). Tree canopy in urban 
green spaces promotes surface litter accumulation 
and increase soil C/N, compared to short turfgrass 
surface (Livesley et al., 2016). However, turfgrass 
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commonly shows good turf when it is grown 
under full sun exposure condition.  
Growing turfgrass in shaded sites requires 
harder management practices than turf in full sun 
sites. Most of turfgrasses grow well and show 
good turf under sunny condition and the opposite 
happened in low light level, which resulted in low 
turf quality. Shades reduce solar radiation and it 
affects the microclimate in the turf grows area 
(Beard, 1997). Under shades, turfgrass’ growth is 
inhibited due to the reduction in photosynthesis 
and carbon production, lateral stem growth and 
existing competition between the turfgrass and the 
tree root (Baldwin et al., 2007). Turfgrass grown 
under shaded conditions suffers from reduced 
photosynthesis (Qian et al., 1998). Shade 
condition reduces zoysia grass photosynthesis and 
results in reduced turfgrass aesthetic quality 
(Bradley et al., 2009). Shade’s conditions reduce 
the turf quality until of an estimated 20% to 25% 
of all turfs (Dudeck and Peacock, 1992) and 
reduced tillering (Okeyo et al., 2014) thus the 
density and quality became low. Lower light 
conditions contributed to less green coverage, 
because tree leaves filtered the photosynthetically 
important red and blue wavelengths sunrays 
before they reach the turfgrass surface. However 
the capability of turfgrass to produce stolon under 
dense shade have contribution in the ability  
of zoysia grasses to produce green coverage 
(Peterson et al., 2014). 
Zoysia spp. is a grass species which is widely 
in the tropical area especially in Indonesia and it 
has the potentials to be used in parks, golf courses, 
football fields and home lawns. Zoysia grass is  
a sod-forming warm-season turfgrass which is 
indigenous to the Pacific Rim (Anderson, 2000). 
However there are zoysia natives in Indonesia 
(Rahayu et al., 2016). In total there are 11 species’ 
of the Zoysia genus and three of them are used as 
a turfgrass: Zoysia japonica,  Zoysia matrella and 
Zoysia pacifica (Engelke and Anderson, 2003). 
Leaf width is the defining characteristic of  
a turfgrass texture. Commonly Zoysia japonica 
have coarser texture than texture of Zoysia 
matrella and Zoysia pacifica (Fry et al., 2008). 
Zoysia grass has been identified as one of  
the lower-maintenance species for further 
development that can be managed with low inputs 
of fertilizers, water and chemicals for pest  
control (Beard, 1973). Thus it a desirable choice 
in  many  region  (Fry  and  Huang,  2004).  Among 
Zoysia grass species there are variation in term of 
shade tolerance. Zoysia japonica performs poorly 
under moderate to dense shade (Sladek et al., 
2009). Whereas Zoysia matrella species is 
commonly more shade-tolerant than Zoysia 
japonica species (Wherley et al., 2011). In Italy, 
Zoysia matrella has been classified as a casual 
plant and a newcomer plant (Celesti-Grapow  
et al., 2009). 
Sun rays is utilized by plants in photosynthesis 
process. The intensity of the light affects the rate 
of photosynthesis which manifested in plant 
growth. Under shaded condition the plants’ 
photosynthesis rate is decreased due to low light 
intensity, quantity and quality and resulted in 
reduced turf quality (Patton, 2009). Increase in the 
threes’ age will increase the shade coverage and 
in the end it will reduce the level of light intensity 
accepted by turf (Wijayanto and Nurunnajah, 
2012). The intensity of light required by the young 
plants is lower than by older plants (Faridah, 
1996). Different plant species have different rate 
of responses to the intensity of sunlight received 
(Audina et al., 2016). Different zoysia grass 
genotypes has different shade tolerance (Patton, 
2009). Performance of zoysia grass under 90% 
shade was reported to be poor with minimal soil 
surface coverage and low aesthetic quality. 
However, establishing zoysia grass by plugs 
under 50% shade condition remains feasible 
through the use of several improved genotype 
(Bradley et al., 2009). 
Plants reaction to the solar radiation intensity 
are different according to the species, i.e. full sun 
plants or shade plants. Plants grown in full sun 
conditions tend to have higher root dry weight 
than under shaded conditions (Alvarenga et al., 
2004). Tolerant shade plants can accumulate 
photosynthesis products with low light levels 
compared to full light plants (Pantilu et al.,  
2012). Under shaded condition, the turfgrasses 
maintenance need limbs pruning, reduced 
fertilization, increased mowing height, leaves 
removal and applying plant growth regulators 
(Patton, 2009). Shaded turfs require less 
fertilization because they grow slowly; hence, the 
fertilization should be decreased by half (Patton, 
2009). Based on the addressed problems, it is 
necessary to study the effect of light intensity on 
the visual and functional quality parameters of 
Zoysia sp. growth in order to get the best crop 
yield in shade test. 
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MATERIALS AND METHOD 
The experiment was conducted from February 
to August 2017. The grasses were planted in  
rice field at 7°36’53” South Latitude; 110°51’03” 
East Longitude in Mojolaban Sub-district, 
Sukoharjo, Central Java-Indonesia, where the soil 
was silty clay and belong to vertisols. The 
experimental design was Randomized Complete 
Block Design method with two replicates. The 
factors were shades and Zoysia cultivars. The 
grass was fertilized using NPK ratio of 4 : 1 : 3  
with dosage 5 g N m-2 and was applied every 
month.  
The turfgrasses were Indonesian native  
wild type Zoysia grass of 10 cultivars. The 
cultivars were obtained from road side of Bogor, 
sea side of Jepara, sea side of Kebumen, road side 
of Kepuh Harjo Sleman, soccer field of  
Klaten, tourism area of Prambanan Sleman, 
soccer field of Solo 1 as fine texture, from  
filed of Solo 2 as medium texture, sea side  
of Tabanan Bali and sea side of Ternate. The 
zoysia grass were propagated using stolon. Within 
every point of soil three stolon were planted, 
every stolon was as long as 3 nodes. The space 
between planting point was 7 cm and the plot size 
was 1 m x 1 m.  
The shading treatments were 0% (I0) as full 
sun, 25% shading with plastic shade-nets in black 
color (I1) and 65% shading with plastic shade-
nets (I2). Each of the soil plot were divided into 
six rows for planting grass with a wide 1 m and 
long 10 m each row. The shade-nets was covering 
the turfgrass with 1 m high above the soil surface. 
The light intensity during day was measured using 
solar radiation calculator Lux App, downloaded 
from google play store. The measurements of the 
solar radiation were conducted in the morning at 
9.00 am, afternoon at 12.00 am and evening at 
15.00 pm every 3 days for 6 weeks. The 
turfgrasses were mowed for the length of 3 cm 
started after the soil surfaces were 100% covered 
by the grasses. The mowing were continued 
periodically with 14 days interval. During the 
experiment, the grasses were irrigated using fresh 
water with 3 days interval.  
The observed variable was turfgrass growth, 
including plant height every week, tiller density, 
color score, shoot weight after mowing. The root 
length and weight were measured after 6 months; 
recovery after low mowing was observed every  
14 days for 3 times; whereas leaf texture was 
observed every month. Plant height was measured 
from the base of the stem to the tip of the highest 
grass leaves. The data was analyzed by using 
Anova with significance level equal to 0.05. 
Significant results were then tested using  
Duncan Multiple Range Test (DMRT) with 95% 
confidence level. 
RESULTS AND DISCUSSION 
The soil characteristics in this study was 
neutral with pH of 7.0. Normally, the pH of 
vertisol is neutral to alkali (Syers et al., 2001). 
This soil was also considered as fertile since it has 
organic matter content of 2.03% and cation 
exchange capacity (CEC) of 25.1 meq 100 g-1 
(Table 1). Table 2 showed that the control pot 
received solar intensity of 25,141 lux on average; 
almost doubled when compared to the treatment 
with 25% of shade-nets which solar intensity was 
12,456 lux. The treatments with 65% shading 
received solar intensity of about 3,727 lux or 
approximately 14.8% of the control. Results also 
showed that morning time had higher solar 
intensity than in the evening. Zoysia grass 
cultivars have leaf texture from narrow (28 mm) 
to medium texture (43 mm). There were no 
differences in the color, fresh weight and root 
length of the grasses with shading treatments;  
but there were variations in plant height, tiller 
density, recovery percentage and dry weight 
(Table 3). 
 
Table 1. Characteristics of Vertisol soil 
Characteristics Unit Value 
pH H2O  07.00 
C Organic % 01.59 
Organic Matter % 02.03 
CEC meq 100 g-1 25.10 
ECp dS m-1 01.55 
Texture  silty clay 
Sand % 26.00 
Silt % 42.00 
Clay % 32.00 
 
The initial leaf width before mowing ranges 
from coarse to very coarse. Very coarse leaf 
texture was found on the cultivar of Zoysia  
spp from Jepara with 4.25 mm. Whereas the  
least coarse leaf texture was obtained from 
Tabanan Bali cultivar with 3.75 mm; which  
was categorized as coarse fineness. Genetically, 
shade tolerant crops have high adaptability to 
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environmental changes. The increase in leaf area 
is an effort to capture of light energy efficiently 
for normal photosynthesis under conditions of 
lack of light (Asriyanti and Irmasari, 2015). 
 
Table 2. Solar intensity during research in 3 different shading percentage 
Shade-net 
treatment 
Solar intensity (lux ± SD) 
Morning (09.00 am) Afternoon (12.00 am) Evening (15.00 pm) Total 
0% 23,476 ± 2,008 39,131 ± 3,139 12,816 ± 948 25,141 ± 2,357 
25% 10,435 ± 819,0 20,040 ± 1,743 06,895 ± 776 12,456 ± 1,228 
65% 02,559 ± 225,0 06,088 ± 663,0 02,535 ± 320 03,727 ± 396,0 
 


























Bogor 42a 20.8ab 38.0abq 6.2a 62.5aqq 0.26aq 0.66aq 17.2a 
Jepara 43a 24.1bq 34.3abq 6.3a 61.7aqq 0.30ab 0.83ab 17.5a 
Kebumen 42a 23.0ab 47.5cqq 8.5a 72.5abc 0.24aq 0.64aq 19.4a 
Kepuh Harjo  41a 20.7ab 32.0abq 5.8a 75.8bcq 0.36bq 0.98bq 16.7a 
Klaten 40a 18.5aq 43.0bcq 7.8a 66.7abq 0.25aq 0.61aq 18.9a 
Prambanan  40a 22.2ab 32.8abq 8.3a 78.3cqq 0.25aq 0.93aq 17.2a 
Solo 1 39a 21.2ab 41.0bcq 9.5a 78.3cqq 0.26aq 0.69aq 17.9a 
Solo 2 28a 21.4ab 37.3abc 6.2a 80.8cqq 0.30ab 0.73aq 18.6a 
Tabanan Bali 38a 24.3bq 28.7aqq 7.7a 79.1cqq 0.28ab 0.73aq 18.2a 
Ternate 41a 25.1bq 47.0cqq 7.7a 68.3abq 0.28ab 0.74aq 17.3a 
Note: Mean in column followed by same letter is not significantly different base on Duncan 0.05 
 
The cultivar of Zoysia spp. has variations on 
tiller density of grass plants. High density of  
grass can become an indication that the grass is 
resistant to disease or other pressures. The Zoysia 
spp. from Kebumen had the highest number of 
tillers and significantly different from the 
Tabanan Bali cultivar which had the least number 
of tillers. The leaf color indicated the amount of 
light reflected by the grass (Munandar and 
Hardjosuwignyo, 1990). In this study, all of the 
Zoysia cultivars had a bluish-green to dark green 
color. Cultivar of Zoysia spp. from Kebumen  
as Z5 I1 treatment has the dark green leaf color. 
Unruh et al. (2017) states that Zoysia japonica  
is good due to the color, leaf canopy density and 
flat leaf stands for lawn care or for sports field. 
Zoysia leaf color is also dark greener than tall 
fescue (Festuca amndinaceae Schreb) or cow 
grass (Cynodon dactylon L.) (Patton and Boyd, 
2012).  
Shade treatments resulted in significant effect 
on plant height. The tallest plant height was 
coming from the shade treatment of 65% 
compared to the control which resulted the lowest 
plant height. Plant height is a measure of the  
plant which is often observed as an indicator  
of growth as well as a parameter to measure the 
effect of the environment or the treatment applied; 
because plant height is the most easily visible 
growth measure (Sitompul and Guritno, 1995). 
Beard et al. (2014) reported that Zoysia grass is 
tolerant of shade and can be grown in humid and 
hot areas. In this study the higher plant growth 
was coming from the higher shade treatment. 
Light is associated with the work of the auxin 
hormone, where the activity of the auxin hormone 
is driven by light. In sufficient light conditions the 
auxin work optimal thus spur cell division and 
elongation (Mulyono, 2012).  
Table 4 shows the uniformity of Zoysia sp. 
which was viewed from the leaf texture, color and 
density variables. On average Zoysia sp. has 
uniformity level of 3.67-5.83; thus, belong to  
low to moderate uniformity. Cultivars which  
has the highest uniformity were Jepara, Kebumen 
and Tabanan Bali. The lowest uniformity cultivar 
was from Klaten. The presence of weeds, damage 
by diseases and irregular growth properties 
decreases the grass quality. Differences in density, 
texture, species composition, color, height of 
mowing and other properties determine the 
uniformity.  
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Table 4 showed that increased in shading 
significantly resulted in the decrease of fresh  
and dry weight before and after mowing and 
increased plant height and recovery time. 
However, results showed that shading didn’t 
affect the root length. Table 5 showed that  
in shade-net 65% the all cultivars in each  
mowing has no effect to the plant height, but in 
shade-nets 25% the mowing effected height of 
plant. These results showed that mowing has  
more effect on height of Zoysia in minimum 
shading. 
Table 5 showed that frequent mowing has 
more effect to plant height, recovery time and 
plant dry weight. The increase in shading in 
mowed grass resulted in an increase of plant 
height and decreased the plant dry weight  
while not affecting the plant recovery time  
(Table 6). The shade treatments resulted 
significant difference to the recovery time of 
Zoysia sp. grass. According to Dhika (2014), the 
function of shading is to obtain optimal light for 
the shaded plants so that the plant does not 
experience death from getting too much light.
 























q0% 0.38c 0.48c 0.16c 17.97a 4.68bq 72.1b 67.3a 14.59a 
25% 0.27b 0.38b 0.13b 16.34a 3.96ab 67.3a 72.0b 19.55b 
65% 0.16a 0.22a 0.11a 19.34a 2.34aq 78.0c 78.0c 32.28c 
Note: Mean in column followed by same letter is not significantly different base on Duncan 0.05 
 
Table 5. Plant height of Zoysia grass in different shading and mowing 
Zoysia cultivar 
Plant height (cm) 
Control Shading 25% Shading 65% 
Mow 1 Mow 2 Mow 3 Mow 1 Mow 2 Mow 3 Mow 1 Mow 2 Mow 3 
Bogor 8.65a 7.80ab 7.60a 8.40abc 7.30abc 6.85bx x6.75a x9.50a x9.60a 
Jepara 9.20a 8.75bx 7.60a 8.10abx 7.75abc 7.25bc 13.10a 11.30a x9.25a 
Kebumen 8.05a 7.30ab 7.00a 8.90bcx 8.20bcx 7.75cd 13.00a 12.05a x9.00a 
Kepuh Harjo  7.15a 5.70ab 5.90a 8.55abc 8.05abc 7.75cd 12.10a 10.25a 10.25a 
Klaten 8.80a 7.70ax 7.50a 8.45abc 7.00axx 6.85bx 11.65a 10.05a x7.00a 
Prambanan  7.25a 6.60ab 6.20a 7.60axx 7.25abc 7.10bc 12.45a 10.70a x9.75a 
Solo 1 7.60a 6.95ab 6.50a 7.60axx 7.05abx 6.00ax 12.60a x9.75a x9.75a 
Solo 2 8.30a 7.60ax 7.05a 8.25abc 7.20abc 7.00bx 11.70a x9.90a x9.05a 
Tabanan Bali 8.65a 7.40ab 7.25a 8.00abx 7.65abc 7.10bc 12.05a 11.20a 10.25a 
Ternate 7.00a 6.65ab 6.10a 9.10cxx 8.30cxx 8.00dx 12.30a 10.65a 11.50a 
Note: Mean in column followed by same letter is not significantly different base on Duncan 0.05 
 
Table 6. Effect of mowing on the plant height, recovery and dry weight 
Mowing 
Shading 
Control 25% 65% Control 25% 65% Control 25% 65% 
Plant height (cm) Recovery (%) Plant dry weight (g 100 cm-2) 
Mowing 1 8.07a 8.30a 11.77an 76.50a 76.75a 77.25bn 0.157b 0.1305bn 0.115a 
Mowing 2 7.25b 7.58b 10.54ab 77.50a 76.75a 69.00an 0.122a 0.1050an 0.082a 
Mowing 3 6.87b 7.17c 09.54bn 75.00a 75.00a 71.25ab 0.158b 0.1135ab 0.094a 
Note: Mean in column followed by same letter is not significantly different base on Duncan 0.05 
 
Table 7 showed that shade net 65% resulted the 
lowest grass recovery and the 25% shade net 
resulted high rate of recovery. The cultivar from 
Bali, Prambanan, Solo I and Solo II had an 
average recovery rate of 79.17% to 80.83% for 14 
days. This suggested that within 14 days the grass 
cultivars can recover after mowing of 0.25 cm 
from the plant height. The lowest recovery rate 
was on the cultivar originated from Jepara with  
an average of 61.67%. The shade net 25% (I1) 
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resulted in the highest plant dry weight at the  
first mowing of 0.33 kg m-2; while the shade 
treatment of 65% (I2) resulted the smallest yield 
of 0.22 kg m-2. According to Turgeon (2002), dry 
weight of grass can be a benchmark of grass 
growth that is affected by maintenance, irrigation, 
fertilization and other environmental factors. This 
study showed that the highest dry weight was 
obtained by the cultivar from Sleman, followed by 
cultivar from Jepara and Solo II, whereas the 
lowest dry weight of grass was obtained from the 
cultivar from Kebumen. 
 
Table 7. Effect of shading on the plant height, recovery and dry weight 
Mowing 
Mowing 
1 2 3 1 2 3 1 2 3 
Plant height (cm) Recovery (%) Plant dry weight (g 100 cm-2) 
Control 08.07a 07.25a 6.87a 76.50a 69.00a 71.25a 0.158b 0.122c 0.158b0 
Shade 25% 08.30a 07.58a 7.17a 76.75a 76.75b 75.05a 0.131a 0.105b 0.114ab 
Shade 65% 11.77b 10.54b 9.54b 77.25a 77.50b 75.00a 0.115a 0.082a 0.094a0 
Note:  Mean in column followed by same letter is not significantly different base on Duncan 0.05; shading 25% 
was not significant different to the control 
 
The shading also resulted in significant 
difference in the variable of fresh weight of grass. 
The highest plant fresh weight after the 1st 
mowing was obtained by the cultivar from Sleman 
with 0.98 kg m-2 and the lowest yields was  
from cultivar from Klaten with 0.61 kg m-2. 
Mayasari et al. (2012) reported that low plant 
fresh weight could occur from the inadequate 
solar irradiation due to blockage by a fairly closed 
canopy cover. The shading treatments have no 
significant effect on grass root length but affected 
the root dry weight (Table 4). Emmons (2000) 
stated that long and bushy roots facilitate grass  
to absorb water and nutrients on the deeper 
surface of the soil thus promote the grass growth. 
Control resulted in higher root dry weight and 
significantly different from 65% shade net 
treatment. The growth and development of good 
roots can lead to canopy growth through stolon 
and rhizome roots resulting in more tiller yields 
with finer leaf texture, faster recovery and longer 
land cover. According to Emmons (2000), soil 
conditions have a great influence on the grass 
roots depth. Long, dense roots allow the grass to 
absorb water and nutrients on the deeper surface 
of the soil and affect the resistance to drought. 
CONCLUSIONS 
Cultivars of Zoysia grass and shade treatments 
affected the turf uniformity and plant dry weight. 
Shading and frequent mowing affected the plant 
height where in low shading the mowing has more 
effect on plant height. In heavy shading the 
mowing has no effect to the plant height. An 
increase in the shading level in mowed grass 
decreased plant dry weight. The high yield of 
plant dry weight was obtained by the cultivars 
from Sleman and Jepara; whereas the low yield of 
plant dry weight was obtained by the cultivar from 
Kebumen. 
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